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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: 

Group Art Unit: 

Derek Ness et al. 

Examiner: 

Serial No.: 
Filed: 



For: MOULDING MATERIALS 

Attorney Docket No . : UDL01 55PUS A 

PRELIMINARY AMENDMENT 

Commissioner for Patents 

United States Patent and Trademark Office 

BOX PCT 

Washington, D.C. 20231 
Sir: 



Please amend the above-identified application as follows: 



In The Specification 

Delete line 26 on page 3 of the specification. 



In The Claims 

Delete claim 15. 



Please replace claims 1-14 and 16-21 as shown below. A marked up version 
of the amended claims is attached to this Amendment. 



1 . (Amended) A preform multi-layered moulding material comprising 
a layer of resin material and conjoined to at least one surface thereof a fibrous layer, said 
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fibrous layer allowing entrapped air to pass out of the material during processing of the 
material. 

2. (Amended) A preform multi-layered moulding material according to 
Claim 1 wherein a first fibrous layer is conjoined to the upper surface of the resin layer and 
a second fibrous layer is conjoined to the lower surface of the resin layer. 

3 . (Amended) A preform multi-layered moulding material according to 
Claim 2 wherein the first and second fibrous layers are formed from the same material. 

4. (Amended) A preform multi-layered moulding material according to 
Claim 2 wherein the first and second fibrous layers are formed from different materials. 

5. (Amended) A preform multi-layered moulding material according to 
claim 1 wherein the fibrous layer is held in place by the inherent tack of the surface of the 
resin layer. 

6. (Amended) A preform multi-layered moulding material according to 
claim 1 wherein the fibrous layer is partially impregnated by resin. 

7. (Amended) A preform multi-layer moulding material according to 
claim 1 wherein a tackifier and a binder are applied to at least one outer surface of the at least 
one fibrous layer. 

8. (Amended) A preform multi-layer moulding material according to 
claim 1 wherein the fibrous layer is continuous. 

9. (Amended) A preform multi-layered moulding material according to 
claim 1 wherein the fibrous layer is discontinuous. 
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10. (Amended) A preform multi-layered moulding material according to 
claim 1 wherein the resin system is a thermosetting polymer. 

11. (Amended) A preform multi-layered moulding material according to 
claim 10 wherein the thermosetting polymer is selected from epoxy, polyester, vinylester, 
polyimide, cyanate ester, phenolic and bismaleimide systems, modification thereof and blends 
thereof. 

1 2 . (Amended) A preform multi-layered moulding material according to 
claim 1 wherein the fibrous layer is formed from a member of the group consisting of glass 
fibers, carbon fibers, polyethylene fibers, aramid fibers, natural fibers and modified natural 
fibers. 

13 . (Amended) A preform multi-layered moulding material according to 
claim 1 wherein the fibers in the fibrous layer are unidirectional. 

1 4 . (Amended) A preform multi-layered moulding material according to 
claim 1 wherein one or more fibrous layers of the material is a prepreg. 

16. (Amended) A preform multi-layered moulding material for use in the 
production of a surface layer comprising a multi-layered moulding material according to claim 
1. 

17. (Amended) A preform multi-layered moulding material for use in the 
production of a surface layer according to claim 16 in which a woven fibrous layer is 
conjoined to one surface and a nonwoven fibrous layer is conjoined to the opposing surface. 

18. (Amended) A preform multi-layered moulding material according to 
claim 1 wherein the material is formed by placing the fibrous layer in contact with the resin 
layer. 
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19. (Amended) A preform multi-layered moulding material according to 
claim 18 wherein the fibrous layer is partly compacted into the resin layer. 

20. (Amended) An article of manufacture produced from the moulding 
material of claim 1 . 

21. (Amended) An article of manufacture of claim 20 in which the 
moulding material is formed by being placed in contact with the mould and allowed to cure. 

Remarks 

This Amendment and the accompanying remarks are submitted with the national 
phase entry in the United States of the corresponding PCT application. The following remarks 
are provided primarily based upon the International Preliminary Examination Report issued 
by the EPO. Consideration of these comments and the Amendment in connection with the 
examination of the application is respectfully requested. These comments were provided to 
the EPO on April 9, 2001, and are reproduced here. 

Historically, laminate mouldings were formed by the hand lay-up of individual 
layers of fibrous reinforcement material which were wetted out with a resin after they were 
laid up in the mould. A problem associated with this particular technique is that it is very 
laborious and therefore not cost effective. Another very important problem is that the ratio 
of the reinforcement material and the resin material can not be held constant. This results in 
products of a variable quality. If insufficient resin is used in the process, this inevitably leads 
to the inadequate wetting out of the fibrous material, resulting in voids in the cured laminate 
which impair the structural properties of the product. If too much resin material is used, this 
results in a product which is overweight and which has undesirable structural properties (pages 
1, lines 8 to 11 of the application). 
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To overcome these problems, preformed, pre-impregnated reinforcement 
material known as "prepreg" was developed in the early 1.970s. This preform moulding 
material is supplied to the fabricator in a ready-made format so that the material can be directly 
applied to the mould. Prepregs are processed by applying heat together with pressure and/or 
vacuum to cure the resin. The resulting moulded articles from the prepreg material are of a 
consistent quality since the reinforcement material/resin ratio is optimally defined by the 
manufacturer of the preform material. An additional advantage of this material is that it allows 
combined layers of reinforcement fibers and resin material to be laid up at once, (page 1, lines 
11 to 30 of the application). 

A particular problem associated with these prepreg materials, is that the prepreg 
material has little or no porosity through its thickness, so that substantial volumes of laminar 
gases such as air are trapped inside the laminate during processing of the material, which result 
in voids in the cured laminate. Such voids result in the laminate having poor mechanical 
properties which can lead to premature failure of the cured composite material structure (page 
1, lines 30 to page 2 line 14 of the application). 

In the past, one way of partially overcoming the above described problems of 
laminates formed by prepreg materials, was to locate layers of dry reinforcement fibrous 
material between layers of prepreg material to allow some of the intra-laminar trapped air to 
escape via the reinforcement layer during processing of the laminate stack. From the above 
discussion however it is clear that although these dry reinforcement fibers may aid in venting 
some of the intra laminar gases, they also impair the quality of the laminate, since they prevent 
an optimal reinforcement material to resin ratio from being achieved (page 3, lines 1 to 11). 
Further, the application of dry fibrous reinforcement layers is laborious and therefore less cost 
effective. 

The present invention relates to a pre-form moulding material comprising an air 
venting structure for allowing entrapped air to be released from the laminate during processing 
of the moulding material, said moulding material further comprising an amount of resin which 
is controlled such that when the material is processed, the correct amount of resin flows into 



-5- 



S/N: 



Atty Dkt No. UDL0155PUSA 



the dry fibrous layers and there is no reduction in the cured resin content (page 4, lines 29 
to 31, of the application). No reduction in the cured resin content occurs, because the intra- 
and inter-laminar gases can pass out of the laminate via the reinforcement layer. Therefore, 
in contrast to a prepreg material in which this air venting capability is not present, the air can 
be removed from the moulding material during processing of the material. 

AMENDMENT OF CLAIMS AND DESCRIPTION 

Claim 1 has now been amended such that the air-transport feature now reads 
"said fibrous layer allowing entrapped air to pass out of the material during processing of the 
material". 

We have also amended claim 14 and deleted claim 15 as originally filed and we 
have also deleted the corresponding reference to this claim on page 3, line 26 of the published 
application. 

AIR TRANSPORT PROPERTIES 

The description of the present application discloses a moulding material 
comprising a fibrous layer for allowing entrapped air to pass out of the laminate during 
processing of the material. Claim 1 is amended to include this feature. 

This feature is disclosed on page 4, lines 22 to 24, where it is disclosed that the 
fibrous layer reduces the problem of void formation (see also page 3, lines 1 to 11 and page 
2, lines 10 to 14 of the application) . Further, we refer to page 5, lines 15 to 19 of the 
description, where it is disclosed that voids are evacuated by the excellent air transport 
properties of the moulding material and thus resin can fill all voids as no air is trapped. 

We submit that the above references in the description are not of a speculative 
character. Throughout the description of the application, reference is made to the evacuation 
of air via the fibrous layer. 
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For example, on page 4, lines 30 to 32 of the application it is disclosed that 
when the moulding material is cured, the correct amount of resin flows into the dry fibrous 
layers and thus there is no reduction in the cured resin content. The flow of resin into the dry 
fibrous layers can only be achieved if air can pass out through the fibrous layer, otherwise the 
resin would not flow into the fibrous layer. Further, on page 12, lines 31 to 33 of the 
application, it is disclosed that improved results in processing the material are obtained if care 
is taken to ensure that the dry fibrous layers are in contact with a vacuum system to ensure that 
entrapped air can be fully evacuated. On page 15, lines 8 to 15 of the application, the 
description refers to the evacuation of air from the laminate stack via the fibrous 
reinforcement layers. Page 12, line 21, also refers to the air breathing capabilities of the 
present invention. Furthermore, the description discloses a moulding material comprising dry 
reinforcement layers enabling the moulding material to completely "wet out" and pr6duce a 
laminate which is free of entrapped air (see page 16, lines 25, 26; page 4, lines 5 and 6; page 
11, lines 9 to 15 of the application). 

From the description it is therefore (we submit) unambiguously clear that the 
moulding material comprises a fibrous layer for allowing entrapped air to pass out of the 
laminate during processing of the material. 

FUNCTIONALITY OF THE AIR TRANSPORT FEATURE 

We submit that the present claim cannot be defined more precisely and 
unambiguously without unavoidably restricting the scope of the invention. Therefore this 
feature cannot (with equity) be defined in any other way than by including a functional feature 
which relates to the air transport properties of the material. 

The feature of the air breathing properties of the moulding material is further 
sufficiently clearly and unambiguously disclosed for the skilled man to reduce this feature to 
practice. In this respect we refer to page 11, line 16 to 32 where a method is described for 
fabricating the moulding material according to an embodiment of the invention. We further 
refer to page 4, line 5 and 6, and page 10, line 8 to page 11, line 11 of the application. 
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NOVELTY 

We draw the Examiner' s attention to two important features which have been 
introduced into present claim 1 : the preform moulding material and the air transport properties 
of the material. 

The preform feature as introduced in the present claim refers to the moulding 
material being pre-fabricated or pre-formed before the material is transported and supplied to 
the manufacturer of composite mouldings. This particular feature of the invention is disclosed 
on page 1, lines 11 to 16; page 1, lines 17 to 21; page 5, lines 3 to 5; page 6, lines 1 to 6; 
page 5, lines 29 to 31 in which the separate stages of production of the prepreg and processing 
of the prepreg are described; page 8, lines 5 to 7 wherein it is referred to the pre-fabrication 
of the moulding material; page 10, line 11 to page 11, line 32 which relates to the production 
and storage of the preform moulding material, and, finally, page 17 lines 1 to 5 which again 
refers to the moulding material being supplied to the fabricator in a pre-fabricated form, ready 
for its application inside the mould. 

The expression 'preform' within the context of the present application, relates 
to the moulding material (and not to the laminate) which is pre-formed or pre-fabricated or 
pre-manufactured as a material that can be supplied to the fabricator's facilities and can be 
readily applied to a mould. 

Without wishing to repeat our arguments as submitted to the Written Opinion, 
we refer the Examiner to the discussion of the prior art documents. We believe that documents 
D3, D5 and D7 relate to a moulding material which is pre-fabricated (a-preform) ; whereas 
the other documents cited in the search report do not refer to such a material. Documents D2 
and D6 relate to the air breathing properties of the laminate structure as described therein. 
However, these documents do not disclose preform moulding materials. Documents Dl and 
D4 do not disclose a preform moulding material nor do these document relate to the air 
breathing properties of the materials. 
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Therefore, we urge the Examiner to review the position and to accept that the 
disclosure facts as discussed above establish that amended claim 1 is novel over the cited prior 
art of documents Dl to D6. Further, claim 1 is inventive over the cited prior art for reasons 
given in response to the First Written Opinion. 

Respectfully submitted, 



Derek Ness 



By. 




Reg. No. 38,274 

Attorney /Agent for Applicant 

Date: May 7, 2001 

BROOKS & KUSHMAN P.C. 

1000 Town Center, 22nd Floor 
Southfield, MI 48075 
Phone: 248-358-4400 
Fax: 248-358-3351 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

1 . (Amended) A preform multi-layered moulding material comprising 
a layer of resin material and conjoined to at least one surface thereof a fibrous layer, said 
[moulding material further comprising an air transport structure for] fibrous layer allowing 
entrapped air to pass out of the material during processing of the material. 

2. (Amended) A preform multi-layered moulding material according to 
Claim 1 wherein a first fibrous layer is conjoined to the upper surface of the resin layer and 
a second fibrous layer is conjoined to the lower surface of the resin layer. 

3 . (Amended) A preform multi-layered moulding material according to 
Claim 2 wherein the first and second fibrous layers are formed from the same material. 

4. (Amended) A preform multi-layered moulding material according to 
Claim 2 wherein the first and second fibrous layers are formed from different materials. 

5 . (Amended) A preform multi-lay ered moulding material according to 
[any one of Claims 1 to 4] claim 1 wherein the [or each] fibrous layer is held in place by the 
inherent tack of the surface of the resin layer. 

6. (Amended) A preform multi-layered moulding material according to 
[any one of Claims 1 to 4] claim 1 wherein the [or each] fibrous layer is partially impregnated 
by resin. 

7. (Amended) A preform multi-layer moulding material according to 
[any one of Claims 1 to 6] claim 1 wherein a tackifier and[/or] a binder [is] are applied to at 
least one [one or both] outer surface[s] of the at least one fibrous layer. 

8. (Amended) A preform multi-layer moulding material according to 
[any one of Claims 1 to 7] claim 1 wherein the fibrous layer is continuous. 
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9. (Amended) A preform multi-layered moulding material according to 
[any one of Claims 1 to 8] claim 1 wherein the fibrous layer is discontinuous. 

10. (Amended) A preform multi-layered moulding material according to 
[any one of Claims 1 to 9] claim 1 wherein the resin system is a thermosetting polymer. 

1 1 . (Amended) A preform multi-layered moulding material according to 
Claim 10 wherein the thermosetting polymer is selected from epoxy, polyester, vinylester, 
polyimide, cyanate ester, phenolic and bismaleimide systems, modification thereof and blends 
thereof. 

S 12. (Amended) A preform multi-layered moulding material according to 

U [any one of Claims 1 to 11] claim 1 wherein the [or each] fibrous layer is formed from a 
p! member of the group consisting of glass fibers, carbon fibers, polyethylene fibers, aramid 
* fibers, natural fibers [or] and modified natural fibers. 

Q 

-| 13. (Amended) A preform multi-layered moulding material according to 

2 [any one of Claims 1 to 12] claim 1 wherein the fibers in the fibrous layer [or layers] are 
!=* unidirectional. 

14. (Amended) A preform multi-layered moulding material according to 
[any one of Claims 1 to 13] claim 1 wherein one or more fibrous layers of the material is a 
prepreg. 

Delete Claim 15. 

16. (Amended) A preform multi-layered moulding material for use in the 
production of a surface layer comprising a multi-layered moulding material according to [any 
one of Claims 1 to 15] claim 1 . 
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17. (Amended) A preform multi-layered moulding material for use in the 
production of a surface layer according to claim 16 in which a woven fibrous layer is 
conjoined to one surface and a nonwoven fibrous layer is conjoined to the opposing surface. 

1 8 . (Amended) A [method of forming a] preform multi-layered moulding 
material according to claim 1 wherein the material is formed [of anyone of Claims 1 to 17] by 
placing the [or each] fibrous layer in contact with the resin layer. 

19. (Amended) A [method] preform multi-layered moulding material 
according to claim 18 additionally comprising the step of partly compacting] wherein the 
fibrous layer is partly compacted into the resin layer. 

20. (Amended) An article of manufacture produced from the moulding 
material of claim 1 [anyone of Claims 1 to 17 or made in accordance with any one of Claims 
18 to 19]. 

21. (Amended) An [method of forming the] article of manufacture[ing] 
of claim 20 in which the moulding material is formed by being placed in contact with the 
mould and allowed to cure. 
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MOULDING MATERIALS 

The present invention relates to moulding materials. More particularly, it relates to 
5 composite moulding materials which include fibres in their structure which in the 
moulded product will provide reinforcement. 

Historically, mouldings were formed from resin either alone or reinforced with fibres. 
However, whilst in principle the products were satisfactory, where fibres were 

10 present, it was difficult to control the ratio of the resin to the reinforcement fibres and 
thus the quality of the products produced was not consistent. The process was 
therefore refined such that the supplier of the resin provided the producer of the 
moulded article with a pre-impregnated reinforcement known as a "prepreg". The 
moulder is then able to produce the moulded article from the pre-impregnated 

15 material confident that the ratio of resin to fibre is correct. Thus, the present 
invention is particularly directed to preformed prepregs. 

It will be understood that conventionally "prepregs" are fibrous composite materials 
which comprise fibres embedded in a matrix of resin and which are provided in the 
20 form of, for example, sheets, strips, or continuous rolls, which can then be placed in 
contact with a mould prior to the resin being cured to form the moulded product. A 
prepreg may comprise unidirectional fibres or the fibres may be multi-directional. In 
use, several layers of prepreg may be layered prior to curing to form a laminate 
product. 

25 

The most basic form of prepreg is prepreg tape or strip. These tapes or strips 
comprise unidirectional non-woven fibres held together by resin. These tapes are 
attractive as the straight fibres provide the finished moulding with good mechanical 
properties. Further the good packing of the fibres reduces the amount of resin 
30 required in the laminate. Howeverj as these tapes have little porosity through their 
thickness, when multiple layers are used together the tapes or strips trap substantial 
volumes of air which will lead to voids in the cured laminate. 
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For the purposes of this application the term prepreg will be used to refer not only to 
composite materials where the fibres are embedded in the resin but also to those 
where they are in contact with it. 

Howsoever formed, when such prepregs are layered to produce a thick laminated 
product, certain drawbacks and disadvantages can arise. A thick iaminated product is 
generally understood to have a thickness greater than 2mm and is preferably greater 
than 4mm and may extend to 40mm. 

A particular disadvantage of such thick products is that air can become trapped either 
within a layer of the moulding material or between adjacent layers. The presence of 
intra-, inter- or intra- and inter-laminar air can lead to voids being formed in the 
finished cured product. Such voids can result in the laminate having reduced 
mechanical properties and can lead to premature failure of the composite material. 

Many techniques have been suggested to reduce the occurrence of such voids. One 
such technique is that of frequent vacuum debulking in which a few layers are laid in 
the mould and consolidated using vacuum before further layers of moulding material 
are laid onto the laminate formed in the first step. However, whilst this technique 
may go some way to addressing the problem of void formation, a void content of 2 to 
5% will still commonly be present. Further, the technique of vacuum debulking, 
whilst being somewhat effective, is labour intensive and is therefore costly and hence 
not desirable. 

The problem of void formation is particularly exacerbated when heavyweight 
material, for example 1200 g/m 2 glass fibre unidirectional tape, is used in the 
production of the moulding. It will be understood that it is desirable to use 
heavyweight materials in moulding production since there use makes it possible to 
produce the finished product from fewer layers thereby reducing the costs both of 
labour and materials. However, where heavyweight material of this kind is used, void 
formation is particularly prevalent since such materials are generally impervious to air 
movement through their thickness. 
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It has been suggested that interleaving dry reinforcement layers between the layers of 
the prepreg as the laminate is built up can reduce the problem of void formation. 
However, whilst this technique does go some way towards addressing the problem of 
void formation, the presence of the dry reinforcement layer reduces the relative resin 
content of the finished product which may have a detrimental effect on the strength of 
the finished product. Whilst it is possible to compensate for the loss of resin from the 
prepreg to the dry reinforcement layers by providing additional resin in the prepreg, 
such increased resin content materials are difficult to handle because of their high tack 
and low drape. It is also important that there is complete coincidence of the resin rich 
prepreg and dry layers throughout the laminate or resin rich or resin lean areas will 
result. 

We have now found that the aforementioned problems can be solved by the provision 
of a multi-layered moulding material comprising a layer of a resin material layer and 
conjoined to at least one surface thereof a fibrous layer. 

Thus, according to a first aspect of the present invention, there is provided a multi- 
layered moulding material comprising a layer of resin material and conjoined to at 
least one surface thereof a fibrous layer 

The fibrous layer may be attached to the resin layer by any suitable means. The 
fibrous layer may be held in place by the inherent tack of the surface of the resin layer 
or, in one alternative arrangement, the fibrous layer may be partially impregnated by 
the resin of the resin layer. 

The moulding material of the present invention may itself be a prepreg. 

In a particularly preferred embodiment, the multi-layered moulding material 
comprises three layers wherein a central resin layer has a fibrous layer conjoined to 
either side. 

In one alternative arrangement, the multi-layered moulding material comprises five 
layers in which the two outer layers are dry fibrous layers each attached on its inner 
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surface to a resin film layer. The resin film layers are themselves adhered to a further 
dry fibrous layer which forms the central (fifth) layer. The resin layers in this multi- 
layered material may be formed from different resins. 

5 Larger multi-layered structures may also be formed in which dry fibrous layers are 
attached to a resin film layer. Again, the resin film layers in this multi-layered 
material may be formed from different resins. 

One or more of the layers of the multi-layered moulding material may be a 
1 0 conventional prepreg. 

Thus, in one particularly preferred embodiment, the outer surface of the moulding 
material is free from resin and is therefore dry to the touch due to the presence of the 
two fibrous layers and can therefore be handled readily. 

15 

In one alternative arrangement, the multi-layered moulding material may have a 
tackifier or a binder material applied to at least one surface. 

Without wishing to be bound by any theory, it is believed that when the material of 
20 the present invention is used alone, laminated with further layers of moulding material 
of the present invention or laminated with layers of conventional prepreg, the fibrous 
layer of the material of the present invention performs in a similar manner to the dry 
layers of reinforcement of the conventional systems, in that it allows entrapped air to 
pass out of the laminate. 

25 

The void content for a product produced from, or including, the moulding material of 
the present invention will generally be less than 2% and is commonly less than 0.5%. 

One particular benefit of the arrangement of the present invention is that the amount 
30 of resin present in the multi-layered moulding material can be controlled such that 
when the material is cured, the correct amount of resin will flow into the dry fibr ous 
layers and there will be no reduction in the cured resin content. " 

4 



SUBSTITUTE SHEET (RULE 26) 



WO 00/27632 PCT/GB99/0366' 

The moulding material of the present invention surprisingly offers a number of 
advantages over the conventional moulding materials. One particular benefit of the 
present invention is that the moulding material exhibits improved handling 
characteristics when compared to those of conventional materials in that it is more 
flexible, that is to say it has improved drape and can therefore be used in the 
production of more complex mouldings. It has been found that the moulding material 
of the present invention having a fibre weight of 3,500 g/m 2 has better drape than a 
comparable conventional prepreg having a fibre weight of 1,700 g/m 2 . 

Further, it has been found that the moulding material of the present invention exhibits 
significantly lower tendency to bridge across details in a moulding. Without wishing 
to be bound by any theory, we believe that this is due to the abilities of the plies to 
slide over each other during the consolidation and curing stages. Further, even if 
bridging does occur, the moulding material of the present invention tends to fill any 
bridged areas with resin rather than leave a void in the laminate. Again, without 
wishing to be bound by any theory, we believe that this is due to the fact that the 
potential void has been evacuated by the excellent air transport properties of the 
material of the invention and thus resin can fill the potential void as no air is trapped. 
By this means a high quality finished product may be obtained. This is in contrast to 
conventional materials, where imperfections may be noted in the surface of the 
moulding at complex mould areas, such as corners due to bridging of mould areas by 
the moulding material. It is therefore possible to use the moulding material of the 
present invention in the production of more complex shapes than has been achievable 
heretofore. 

In conventional prepregs that are processed under vacuum consolidation, it is 
important that dry areas of reinforcement fibres are avoided since they generally do 
not completely wet out during the production of the prepreg which may lead to areas 
of weakness in the finished product. However, where the moulding materials of the 
present invention are used, the fibrous layer is specifically not wet out during 
production of the prepreg but will be'completely wet out during the processing. 
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As the improved moulding material of the present invention exhibits these improved 
characteristics, it is possible to use heavier weight prepregs than has been possible 
using conventional prepreg technology. With conventional technology, even when 
heavy weights are produced, they are difficult to handle and therefore are not 
desirable. However, since the moulding materials of the present invention exhibit 
improved drape characteristics, even heavier weight prepregs may be handled readily. 

Any suitable thermoset resin may be used in the production of the moulding material 
of the present invention. Particularly suitable resin systems include the epoxy, 
polyester, vinylester, polyimide, cyanate ester, phenolic and bismaleimide systems. 
Suitable epoxy resins include diglycidyl ethers of bisphenol A, diglycidyl ethers of 
bisphenol F, epoxy novolac resins and N-glycidyl ethers, glycidyl esters, aliphatic and 
cycloaliphatic glycidyl ethers, glycidyl ethers of aminophenols, glycidyl ethers of any 
substituted phenols, monomers containing methacrylate groups (such as glycidyl 
methacrylates, epoxy acrylates and hydroxyacrylates) and blends thereof. Also 
included are modified blends of the aforementioned thermosetting polymers. These 
polymers are typically modified by rubber or thermoplastic addition. 

Any suitable catalyst may be used. The catalyst will be selected to correspond to the 
resin used. One suitable catalyst for use with an epoxy resin is a dicyandiamide 
curing agent. The catalyst may be accelerated. Where a dicyandiamide catalyst is 
used, a substituted urea may be used as an accelerator. Suitable accelerators include 
Diuron, Monuron, Fenuron, Chlortoluron, bis-urea of toluenediisocyanate and other 
substituted homologues. The epoxy curing agent may be selected from Dapsone 
(DDS), Diamino-diphenyl methane (DDM), BF3-amine complex, substituted 
imidazoles, accelerated anhydrides, metaphenylene diamine, diaminodiphenylether, 
aromatic polyetheramines, aliphatic amine adducts, aliphatic amine salts, aromatic 
amine adducts and aromatic amine salts. Also suitable for systems containing 
acrylate functionality are UV photoinitiators such as those which liberate a Lewis or 
Bronstead acid upon irradiation. Examples include triarylsutphonium salts which 
possess anions such as tetrafluorobora'te or hexafluoroborate. 
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The resin system may aiso include additives relevant to the production of the 
moulding such as hardeners. Other additives may be included to effect the finished 
moulding such as pigments, UV stabilising additives, anti-mould, anti-fungal and 
flame retardant additives. Whatever additives are added, it is important to ensure that 
the viscosity of the resin is sufficiently low during the curing and consolidation steps. 
If it is not, it will not wet out the dry layers. 

The fibre layer or layers may be formed from any suitable fibres. Suitable fibres 
include glass fibres, carbon fibres and polymeric fibres such as polyethylene fibres 
and aramid fibres. Suitable glass fibres include those made from E-glass, S-glass, C- 
glass, T-glass or R-glass. Suitable aramid fibres include those sold under the trade 
marks KEVLAR and TWARON HM. Ballistic grade aramid fibres may be utilised 
where this characteristic is required due to the intended use of the finished product. 
Organic fibres and modified organic fibres such as jute or hemp may also be used. 

The fibrous layer may comprise fibres of only one kind or different types of fibre may 
be combined in the fibrous layer. 

The fibres may be used alone or in combination. The fibres may be used in the form 
of tissue, chopped strand mat, continuous mat, woven fabrics, stitched fabrics, or 
simple rovings. Any suitable fibre size may be used. Particularly preferred are E- 
glass yarns having a filament diameter of 5 to 13 urn and 11 to 136 tex or E-glass 
rovings having a filament diameter of 10 to 16p.m and 600 to 2400 tex. The fibrous 
material may be preformed before being laid on to the resin layer or alternatively, 
loose fibres may simply be laid onto the resin layer. 

In a particularly preferred arrangement, the fibres are arranged such that they are 
unidirectional. Where the moulding material of the present invention comprises two 
fibrous layers conjoined to opposing faces of the resin layer, the fibrous layers may be 
orientated in the same direction or in different directions. In particular, the fibre 
orientation of the skins of the sandwich material may be 0°, 90°, 0°/90°, +/- 45° or 
quasi isotropic or 07+457-45°. 
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The adhesive properties of the resin layer will, in a preferred aspect of the invention, 
be sufficient to retain the fibrous layer howsoever formed in position. In one 
alternative arrangement the fibres may be partially compacted into the resin layer to 
improve adhesion. In another alternative arrangement, the fibrous layer may be 
retained against the resin layer by means of an adhesive. It will be understood that 
the adhesive will not prevent the travel of the resin into the fibrous layer during 
production of the product. 

In one alternative arrangement, a tackifier and/or a binder material may be applied to 
one or both surfaces of the multi-layered moulding material. The tackifier/binder is 
preferably applied as a light covering. Typically, the tackifier/binder may be applied 
in an amount of 0.5% to 7% of the fibre weight. 

The presence of the tackifier/binder serves a number of functions. First, it may 
provide a degree of tack to the surfaces of the material therefore assisting adjacent 
layers of material to be held together during processing. 

Secondly, the presence of the tackifier/binder serves to stabilise the fibrous layers and 
thereby improves the integrity of the surface of the prepreg. This is particularly 
important where the fibrous layers on the faces of the improved prepreg are made 
from pure rovings or tows of fibres rather than of woven or stitched materials. The 
material of this embodiment may have improved handling characteristics and may be 
less likely to be damaged by handling prior to moulding. 

Where a tackifier/binder is present, it may also serve as an interply toughening agent 
which can give significant improvements in interply fracture energy. 

Any suitable material may be used as a binder/tackifier. Particularly suitable 
materials include high molecular weight resins. These resins may be used alone or in 
combination with additives including toughening agents and curing agents. 

The tackifier/binder may be applied to the material by any suitable means including, 
spraying using a carrier solvent, hot melt techniques or dry powder applications. In a 
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particularly preferred arrangement, the tackifier/binder forms discrete particles on the 
surface of the fibres rather than a uniform coating. The tackifier/binder may be 
applied to the material at any suitable time during its manufacture. 

5 The arrangement of the structure of the fibres in the fibrous layer or of the fibrous 
layer itself may be altered depending on the properties required to be exhibited in the 
finished end product. For example, where the product is to be a high performance 
composite mould tool, it is preferable to use discrete areas of reinforcement rather 
than continuous lengths. Conventionally, these small areas are of the approximate 

10 size 300mm x 300mm. Although the use of fibrous materials having discrete areas of 
reinforcement offer a range of benefits, they have not generally been accepted by 
some fabricators in the past as their use is labour intensive. This is particularly the 
case where the moulding is large in size and comprises several layers. In this 
connection, it is noted that in the fabrication of, for example, composite tools, the 

1 5 moulding may be made of about 20 layers and be 20 to 50 m 2 in area. 

It will be understood that a moulding material in accordance with the present 
invention may be readily formed by laying pieces of fibrous material, of the desired 
size onto the resin layer. Thus according to a further preferred aspect of the present 
20 invention there is provided a moulding material in which the or each fibrous layer 
comprises discrete pieces of fibrous material. Thus the fibrous layer may be 
discontinuous. 

The benefit associated with materials formed in this way is that the fabricator can 
25 simply roll out the material and the need to separately attach, for example, squares of 
fibrous material is obviated. As with conventional materials, the materials with these 
discrete areas of fibres nest down to conform to the tool profile and the risk of 
bridging areas of the mould leading to the formation of voids is further minimised. 
The reduced fibre length present in a material of this type also reduces stresses which 
30 may arise in the finished laminate. These stresses result from thermal or cure 
shrinkage and may result in delamination or even change of shape of the tool. 
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The discrete panels of fibrous material used to form the fibrous layer of the moulding 
material of the present invention are preferably squares 300 mm x 300 mm. Where 
the moulding material comprises two fibrous layers located on opposing faces of the 
resin layer, the discrete panels are preferably arranged such that the joints between 
5 panels on the upper layer are staggered from those between panels in the lower layer. 
Thus the inherent strength of the material is not compromised. 

The moulding materials of the present invention may be formed readily by contacting 
the resin layer with the or each fibrous layer. 

10 

Thus, according to a second aspect of the present invention there is provided a method 
of forming a moulding material in accordance with the above first aspect of the 
, invention in which a fibrous layer is placed in contact with a resin layer. The fibrous 

layer may be partly compacted into the resin layer. Compaction may be achieved by 
1 5 means of compression rollers. 

.< The moulding material of the present invention may be made by any suitable method. 

However, hot-melt techniques are particularly preferred. 

20 In one method, the resin mixed with catalyst and any additives is preferably coated 
onto a support, such as siliconised paper substrate prior to being contacted by the 
fibrous layer. The resin is preferably coated onto the substrate using a conventional 
filmer. The coating is preferably laid onto the substrate at a raised temperature. The 
temperature selected will depend on the resin used, however a suitable temperature 

25 will be in the region of 60°C. 

The weight of the resin coated on the support will depend on the properties required 
of the finished prepreg. However,'the weight is generally from 20 to 1,200 g/m 2 . 

30 The coated substrate may be passed over a chill plate at about 5°C to reduce the 
temperature of the resin. 
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Where it is desirable to form a moulding material having fibrous layers located on 
both sides of the resin layer several methods are available. In one method, two 
prepregs are formed as described above, the substrates are removed and the two 
prepregs are then combined with the two resinous sides being placed together such 
that the fibrous sides are located apart from each other such that they are on the outer 
faces of the resulting sandwich. When the two resin layers unify the resulting 
moulding material has a central resin layer conjoined on each face to a fibrous layer. 

In one alternative arrangement, a moulding material comprising a resin layer and a 
single fibrous layer produced as described above is turned such that it lies on the dry 
fibrous layer, the support is removed and a fibrous layer may then be placed on the 
exposed resin surface. 

In another method a carrier fabric or tissue is coated on both sides with a resin film 
and the dry fibrous layers are combined onto each face of the resin film. 

In a further alternative method, a fibrous layer is laid as a support and the resin layer 
is then coated thereon. The second fibrous layer may then be readily laid onto the 
exposed surface. 

The process may be mechanised and may be a batch process or a continuous process. 

Once the moulding material of the present invention is formed it may be rolled. An 
interleave material may be used. A particularly suitable interleave material is a 
polyethylene interleave. 

The moulding material of the present invention may be readily stored until required. 
The shelf life will be dependant on the resin system. It is preferable that the material 
is stored at temperatures below zero (most preferably -18°C to -4°C). At ambient 
temperature, the product has a shelf life in the region of 5 to 55 days, dependant on 
resin system and fibre weight. After the expiry of the shelf life period, the product is 
still usable but will have the characteristics and properties of conventional prepregs. 
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Moulding materials of the present invention or made in accordance with the second 
aspect of the present invention may be used alone, laminated with further layers of 
moulding material of the present invention or laminated with conventional prepreg 
materials. The materials may be processed by any suitable method and are preferably 
cured by means of a vacuum processing technique to form high quality laminates. 

A further advantage of the moulding material of the present invention is that the thick 
section, i.e. one having thickness greater than 4mm, preferably about 10mm, may be 
produced in a single operation with no requirement for intermediate consolidation 
debulking stages. 

Where a vertical mould surface is to be coated, a combination of the moulding 
material of the present invention is preferably used in combination with conventional 
prepregs as the high tack of the conventional material will help to hold the material of 
the present invention in place. Alternatively, a moulding material of the present 
invention coated with tackifier/binder may be used. 

The moulding material of the present invention is particularly suitable for use in 
combination with prepreg tape. The combination of the moulding material of the 
present invention and the prepreg tape is particularly advantageous since the material 
of the present invention allows the tape to breathe such that void formation is reduced 
or even obviated. Further, the arrangement allows even poor quality tapes having dry 
or partially wet out fibres to be used since on curing the fibres will wet out completely 
such that a high quality laminate is formed. 

In use, once the layers of the laminate have been laid into the mould, the resin is 
cured. It is desirable that a cure schedule is selected whereby the temperature is held 
at a point where the resin viscosity is low. The cure schedule selected will depend on 
the resin used. 

Particularly improved results in processing the material of the present invention may 
be obtained where care is taken to ensure that the dry fibrous layers are in contact 
with a vacuum system to ensure that entrained air can be fully evacuated. One 
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method of achieving the contact between the dry fibrous layers and the vacuum 
system is to cut the moulding material of the present invention larger than is 
conventional and then linking it to the vacuum system via an air breathable media. 
Suitable media include a non-woven breather, woven breather or dry fibrous strands 
or tows. Suitable non-woven breathers include nylon felted material of 150 g/m 2 . 

Where required a coating may be applied to the moulding. The coating may comprise 
a conventional gel coat system. Suitable gel coat systems include epoxy with the 
incorporation of a variety of fillers and pigments. Polyester or vinylester gelcoats 
may also be used. 

Whilst these gel coats, provide satisfactory results, they are labour intensive to use. 
We have now found that an improved coating may be obtained by the use of a 
modified moulding material of the present invention which is used as the layer closest 
to the mould. The modified moulding material comprises a layer of resin having a 
lightweight woven cloth on one face and a non-woven tissue on the other face. This 
material applied to a tool with the woven cloth facing the mould and backed up with 
either a conventional moulding material or a moulding material in accordance with 
the present invention gives a high quality surface substantially free of pinholes or 
surface porosity. 

Thus according to a further aspect of the present invention there is provided a 
moulding material for use in the production of a surface layer comprising a resin layer 
having a fibrous layer conjoined to each surface thereof. The material conjoined to 
one surface is preferably a woven material and the layer conjoined to the opposing 
surface is preferably nonwoven. The fibrous layers are preferably produced from glass 
fibres. A light weight fibrous layer, typically 20gm/m 2 . 

The woven surface layer generally wets out during the consolidation process. Any 
suitable woven cloth may be used. However, in a particularly preferred arrangement 
the material is selected to have a good light stability and to improve the appearance of 
the finished product. 
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The moulding materials of the present invention may be used in the production of a 
wide range of products. Examples include products used in the marine industry such 
as boat hulls, masts, spars; the aerospace industry such as fuselage pans; the motor 
industry such as car, van or lorry body parts; the sports industry such as surf boards, 
sailboards, and other sports equipment such as bicycles or hockey sticks, and those 
used in other industries such as composite tools, composite tubes and turbine blades 
such as those used in wind turbines. 

Thus, according to a further aspect of the present invention there is provided an article 
of manufacture produced from the moulding material of the first aspect of the present 
invention or made in accordance with the second aspect of the present invention. 
There is also provided a method of forming the article of manufacture in which the 
moulding material is placed in contact with a mould and then allowed to cure. 

The moulding material of the present invention may be used alone or laminated with 
one or more layers of moulding material in accordance with the present invention or 
conventional moulding materials. 

The invention will now be described by way of example with reference to the 
accompanying example drawings in which: 

is schematic diagram of a three layered moulding material in 
accordance with the present invention; 

is schematic diagram of the apparatus used in the production of 
the moulding material of the present invention; and 
is schematic diagram of an alternative apparatus. 



As illustrated in Figure 1, the moulding material of the present invention 1, comprises 
a central resin film 2 having fibrous layers 3 and 4 located on opposing faces thereof. 

In use, this material 1 is laid on the" tool surface 4. The material may be laminated 
with other materials of the present invention or with conventional prepregs. In the 
arrangement illustrated in Figure 2, two layers of moulding material in accordance 
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with the present invention is interleaved with layers of conventional prepreg 5. This 
stack is preferably surrounded by a non-perforated film 6, a breather 7 and a vacuum 
film 8. The vacuum film 8 is sealed to the tooling by means of sealant tape and the air 
is evacuated during the curing process via vacuum line 1 0. 

5 

Curing is preferably effected at temperatures above ambient. 

Glass rovings 1 1 may be utilised to assist the perimeter air bleed. These glass rovings 
are particularly advantageous were a zero bleed mode of processing is used. The 

1 0 glass rovings are put through the non-perforated film to assist in the evacuation of air 
from the laminate stack. To further assist the removal of air, glass rovings may be 
placed through the non-perforated film in the centre of the panel. These allow air to 
bleed from the centre of the panel and also connects the moulding materials of the 
present invention in the laminate together in the z-axis thereby further assisting 

15 evacuation of air. 

When making sandwich laminates in one operation it is beneficial to have air bleed 
holes in the core. These allow the air to escape from the underlying laminate thus 
preventing any closing off of the material under the foam block. Saw cuts in the 
20 lower face of the core around the perimeter may also be used to eliminate any closing 
off effects of the core edge. The saw cuts are typically 2mm deep by 1mm wide and 
end 8 cm long at a spacing of every 8cm. 

The apparatus illustrated in Figure 3 is very similar to that of Figure 2 but is 
25 appropriate for use with a large laminate stack. 

A suitable cure schedule involves holding the temperature at a point where the resin 
viscosity is low, for example, 10 poise to 100 poise for a period of 4 hours, and 
remains low for sufficient time for the resin to wet out the fibres of the fibrous layer 
30 or layers. A typical cure schedule would be to ramp from 25 to 70°C, a dwell at 70 
°C for four hours, ramp to 85 °C and" then held at 85°C for 10 hours. On this schedule 
a typical resin viscosity would drop down to 40 poise and at the end of the four hour 
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dwell has oniy risen to 100 poise. The ramp rates to 70 °C or 85 °C are not critical. 
However, they will normally be in the range of 0.1 to 10 °C/min. 



Example 1 

A prepreg according to the present invention was formed by laying unidirectional E- 
glass woven reinforcement of 500 g/m 2 on opposing sides of a layer of 430 g/m : 
resin. This prepreg was interleaved with layers of conventional prepreg tape of 1200 
E-glass with a resin content of 30% by weight. In both types of prepreg the resin used 
was the SP Systems SE90 available from SP Systems of Structural Polymer 
(Holdings) Limited of Isle of Wight. The resin is a high flow, 85 to 120°C cure, non- 
toughened epoxy prepreg cured by an accelerated dicyandiamide curing agent. SE90 
prepreg is an epoxy prepreg. 

The laminate stack was then covered with nylon peel ply and a microperforated 
release film, a layer of 150g non-woven breather material and an impervious nylon 
vacuum bag. 

A vacuum of 90% was applied and the assembly heated from ambient to 70°C at 
0.3°C/min. The temperature was then held at 70°C for 4 hours. The temperature was 
then ramped up to 120°C and then held for one hour. The laminate was then cooled 
to ambient temperature and the laminate was demoulded and examined. 

On examination it was noted that the dry reinforcement layers had completely wet "out 
and the laminate was free of entrapped air. 

The void content of the laminate was determined by measuring the specific gravity of 
the sample by weighing it in air and water. The laminate was then put in an oven at 
650°C to burn off the resin. From the weight loss and the densities of the resin and 
the glass, the void content was calculated. Measurements showed the void content to 
be less than 0.25%. The final fibre volume fraction was 56%. 
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Whilst the moulding material of the present invention has been described as having at 
two or three layers, it will be understood that a multi-layer moulding material in 
accordance with the present invention, may be supplied to the fabricator in an 
arrangement which comprises more than three layers due to the combination of 
several layers of the moulding material of the present invention together. 
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1 . A multi-layered moulding material comprising a layer of resin material and 
conjoined to at least one surface thereof a fibrous layer. 

2. A multi-layered moulding material according to Claim 1 wherein a first 
fibrous layer is conjoined to the upper surface of the resin layer and a second 
fibrous layer is conjoined to the lower surface of the resin layer. 

3. A multi-layered moulding material according to Claim 2 wherein the first and 
second fibrous layers are formed from the same material. 

4. A multi-layered moulding material according to Claim 2 wherein the first and 
second fibrous layers are formed from different materials. 

5. A multi-layered moulding material according to any one of Claims 1 to 4 
wherein the or each fibrous layer is held in place by the inherent tack of the 
surface of the resin layer. 

6. A multi-layered moulding material according to any one of Claims 1 to 4 
wherein the or each fibrous layer is partially impregnated by resin. 

7. A multi-layer moulding material according to any one of Claims 1 to 6 
wherein a tackifier and/or a binder is applied to one or both outer surfaces of 
the at least one fibrous layer 

8. A multi-layer moulding material according to any one of Claims 1 to 7 
wherein the fibrous layer is continuous. 

9. A multi-layered moulding material according to any one of Claims 1 to 8 
wherein the fibrous layer is discontinuous. 

10. A multi-layered moulding material according to any one of Claims 1 to 9 
wherein the resin system is a thermosetting polymer 
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11. A multi-layered moulding material according to Claim 1 0 wherein the 
thermosetting polymer is selected from epoxy, polyester, vinyl ester, 
polyimide, cyanate ester, phenolic and bismaieimide systems, modifications 
thereof and blends thereof. 

12. A multi-layered moulding material according to any one of Claims 1 to 1 1 
wherein the or each fibrous layer is formed from glass fibres, carbon fibres, 
polyethylene fibres, aramid fibres, natural fibres or modified natural fibres. 

13. A multi-layered moulding material according to any one of Claims 1 to 12 
wherein the fibres in the fibrous layer or layers are unidirectional. 

14. A multi-layered moulding material according to any one of Claims 1 to 13 
wherein one or more layers of the material is a prepreg. 

15. A multi-layered moulding material according to any one of Claims 1 to 14 
wherein the material is a prepreg. 

16. A multi-layered moulding material for use in the production of a surface layer 
comprising a multi-layered moulding material according to any one of Claims 
1 to 15. 

17. A multi-layered moulding material for use in the production of a surface layer 
according to Claim 16 in which a woven fibrous layer is conjoined to one 
surface and a nonwoven fibrous layer is conjoined to the opposing surface. 

18. A method of forming a multi-layered material of any one of Claims 1 to 17 by 
placing the or each fibrous layer in contact with the resin layer. 

19. A method according to Claim 18, additionally comprising the step of partly 
compacting the fibrous layer into the resin layer. 

20. An article of manufacture produced from the moulding material of any one of 
Claims 1 to 17 or made in accordance with any one of Claims 18 to 19. 

21. A method of forming the article of manufacturing of Claim 20 in which the 
moulding material is placed in contact with the mould and allowed to cure. 
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Ret, N«- 35j2Q9; UavW S. BirTfi^Ro, 3» ,383;.KoMlin!iW. Biuiiond, Reg, Ko.j9.S57; JunrtN. KaliiilSiiTJo. 4UJ)2i Huge 
A. DgfcvjpTlgrKcr.32vgsa; ftrlphE. SiHffc, Rog. No,_3S,474,- Michael S, Brodbiire, R« 6 . Ma ,38,39g ; Jqrtnay J.Cureurf, Reg, No. 
" J ' ' ' " " cKtM«ufii:W,RBg.NaJ« 1 ZZ3;Mi*E. 



43,454: Miute D. Cfmcy, R=g. No. 42 i 4jj5^yiit= K, Kieutjj, B^, Ma, «m£ Sier>tajnic M, M 

"Slwnkei, R«g. No, 44,3ft*, Mitlhcw R. mowcis. R«, No. 4«j56iJ*wnBiw O, Aimed*. Rb £ . K'o.46.1M; GititH Kifeoiu, Res- 
No. 4SJS2: SothOSHS, fog. N* 4S.S22; Jimn W. fc*S5ci», Rd E . Na. 47.010; MtfoM. Jqiculwwtfci. Reg. No. 44. W I; Mue 

LarcitTRBg. Wo. 43,759. " „. " 



Address ail correspondence and telephone a 



James A. Kufihtnan 



at Bmds&& Kashman gg., 1000 Town Cenicr, Twenty -Second Floor, Spm hfieM, MicMgajajgOTS, (248) 35S-44OT. 



I hereby declare that all statements tnadfi herein of my own knowledge are true acid Uiat all si 



inTormaiion and belief are believed to be tnit, atifl further that these statements were made with the knowledge that willful 
false statements and the like so mads arc punishable by fine or imprisonment, or both, under Section. 1Q01 of title 18 of the 
United States Code and that such willfiil false statements nay jcopatdizc the validity of the application or any patent issued 
thereon. 



Full Name of Suit or First Inventor _ 



Inventor's signature _ 

Post Office Address _ 

Residence (same as above! 



■_SL. Cross Business Park Newport Isle Qf J ^ight P03ft 5WU. Great Britain 



_ Citizeaship British 



^ Full Name of Second Joint / 

J i Inventor's agnatmc ^< 
Pasi Office Address _ 



57 Craven Avenue. St. Judcs. Plvmooth PL4 8SW, Great Britain 



_ Citizenship _ 



Entieh 



Gi53 



Full Nd**e of Third Joint Iwentur _ 

Inventor's signature 

Post Office Address 

Residence 



_ Citizenship _ 



F*U tfame ofFowOt Joint fmmttor _ 

Inventor's signature ; 

Post QSaas Address 

Residence 



_ Citizenship _ 



B&KO00 1/9801 



Peel. - Page 2 Of 2] 



TOTAL P. 03 



